Background and Aim: Proximal migration of colonic lesion has been observed; however, risk factors of lesions in the proximal colon remain uncertain. This study aimed to investigate risk factors of lesions in the proximal colon. Methods: Consecutive subjects with complete colonoscopy were included. The primary outcome was risk factors associated with advanced neoplasm (AN) and serrated lesion in the proximal colon. Age, gender, first-degree relative (FDR) with colorectal cancer (CRC), smoking, alcohol consumption, body mass index, hypertension, diabetes, ischemic heart disease, and the use of aspirin, non-steroidal anti-inflammatory drug, and anticoagulants were fitted into a regression model, with reference to subjects without colonic finding. Results were measured by odds ratio (OR) with 95% confidence interval (CI). Results: Among 6218 subjects (mean age 56.65 ± 6.15 years; 46.8% male), 352 (5.7%) had AN; 809 (13.0%) had serrated lesions, and 3648 (58.7%) had no colonic finding. There were 148 (2.4%) and 235 (3.8%) subjects having AN and serrated lesion in the proximal colon. Age ≥ 50 (OR: 13.30; 95% CI: 1.85-95.76), male gender (OR: 1.82; 95% CI: 1.26-2.62), FDR with CRC (OR: 2.12; 95% CI: 1.43-3.15), and hypertension (OR: 1.86; 95% CI: 1.30-2.68) were associated with AN in the proximal colon. Age ≥ 50 (OR: 5.72; 95% CI: 2.10-15.53), male gender (OR: 1.54; 95% CI: 1.15-2.05), and smoking (OR: 1.85; 95% CI: 1.23-2.79) increased risk of serrated lesions in the proximal colon. Conclusion: Age ≥ 50 and male gender were associated with both proximally located AN and serrated lesion; FDR with CRC and hypertension increased the risk of proximal AN, while ever smoking increased the risk of proximal serrated lesion. FDR with CRC was not associated with serrated lesion.
Introduction
Colorectal cancer (CRC) is the third most common cancer worldwide; there were 774 thousand deaths caused by CRC in 2015. 1 The worldwide incidence of CRC has increased from 1.19 million in 2008 to 1.57 million in 2013, 2,3 representing a 32% increase in 5 years. In Asia, the incidence is expected to increase along with the aging population and the adoption of Western lifestyles. 4, 5 Several risk factors for CRC have been identified in epidemiological studies such as aging, first-degree relative (FDR) with CRC, male gender, physical inactivity, smoking, obesity, and unhealthy eating habits. [6] [7] [8] [9] Colorectum can be divided into proximal and distal colon; colorectal neoplasms in the proximal and distal colon may represent different entities with distinct clinical and biological characteristics. Compared with distally located colonic lesions, lesions in the proximal colon tend to be non-polypoid, faster growing, and may have different mutation and neoplasia pathway. 10, 11 These differences suggest that risk factors associated with proximal colonic lesions may differ from that of the distal lesions; however, there is limited epidemiological study looking into the risk factor of CRC by anatomical location. In the past decade, a proximal-shifting trend of colonic lesion has been observed, [12] [13] [14] [15] and mortality rate of CRC was found to be higher in the proximal colon than in the distal colon. [16] [17] [18] Furthermore, a meta-analysis study has shown that there were 2.4 times more likely to arise interval CRC in the proximal colon than in the distal colon 19 ; the lack of information about the risk factor of lesions in the proximal colon would be a concern.
Family history of CRC is a well-recognized risk factor; however, a systematic review discussing the association of family history of CRC and tumor location found conflicting results. 20 Two studies suggested that patients with a family history of CRC were more likely to have CRC in the distal colon, while the other two studies suggested an even distribution of proximal and distal CRC. As family history of CRC is a major risk factor, further investigation of the association between family history and CRC location is indeed important for screening strategy development.
Compared with men, studies suggested that women have a higher proportion of proximal tumors; the proportion difference increased by aging. 21, 22 Besides, Black and non-Hispanic race and the presence of comorbid illnesses have been found to be factors associated with a greater likelihood of developing proximal CRC. 22 It has also been shown that high body mass index was associated with increased risk for distal CRC in men and proximal CRC in women; alcohol consumption would increase the risk of distal CRC in both genders. 23 However, these studies used patients with distal CRC 22 or subjects with colonic lesion, instead of subjects with healthy colon, as control group. 23 For the risk factors of serrated lesion in the proximal colon, a consensus statement has stated that there were scant epidemiological data regarding the proximal serrated polyps; only cigarette smoking has been found to be associated with both proximal and distal serrated lesions. 24 A US case-control study has addressed the risk factor of adenoma and serrated polyp by lesion severity and anatomical site. It showed that age and gender were not associated with proximal lesion; obese and estrogen use increased risk of proximal adenoma, while higher education associated with increased risk of proximal serrated polyps. However, that study did not investigate CRC cases. 25 The United States Preventive Services Task Force has confirmed that screening for CRC among people at risk can reduce CRC mortality. 26 Risk factor identification of colorectal lesions by the lesion severity and anatomical site plays an important role for risk stratification and screening strategy development. Unfortunately, the Bowel Cancer UK Critical Research Gaps in Colorectal Cancer Initiative has recently raised a critical research gap that there is an insufficient evidence on the precise contributions of genetic, environmental, and lifestyle factors of CRC. Also, it recommended a high-quality pan-population studies of CRC risk factors. 27 This study aimed to investigate risk factors associated with the proximally located advance neoplasm (AN) and serrated lesion among subjects undergoing complete colonoscopy.
Methods
Subjects. This was a single-center, cross-sectional study conducted at the Institute of Digestive Disease, the Chinese University of Hong Kong. Consecutive Chinese subjects aged 18 or above who had a complete colonoscopy between January 1, 2007, and December 31, 2012, were included. Subjects with the following criteria were excluded: (i) a personal history of colorectal cancer, polyps, or other colonic diseases; (ii) a history of colonic examination (fecal occult blood test, barium enema, computed tomography scan, capsule endoscopy, or endoscopy) within the past 5 years; (iii) severe premorbid illness that might increase the risk of performing colonoscopy; (iv) on dual antiplatelet therapy; (v) a history of prosthetic heart valve or vascular graft surgery; and (vi) incomplete colonoscopy. Subjects were interviewed by research staffs with a structured questionnaire to obtain (i) personal particulars (age, gender, family history with CRC, smoking, and alcohol consumption), (ii) comorbidity (body mass index, hypertension, diabetes, chronic obstructive pulmonary disease, and ischemic heart disease), and (iii) medication use for at least twice a week (aspirin, non-steroidal anti-inflammatory drug [NSAID] , and anticoagulant agents). The study protocol Colonoscopy. Colonoscopies were performed as an outpatient procedure under conscious sedation with intravenous midazolam and pethidine at the Princes of Wales Hospital or The Alice Ho Miu Ling Nethersole Hospital. Four liters of polyethylene glycol electrolyte (Klean-Prep, Helsinn Birex Pharmaceuticals Ltd., Dublin, Ireland) was prescribed as bowel preparation. A complete examination was defined as the endoscope reaching the cecum as evidenced by the ileocecal valve or appendiceal orifices. The size, location, and morphology of all colonic lesions were documented. Size of lesions was measured with an open biopsy forceps, and the location was determined on scope withdrawal. Lesions found proximal to the splenic flexure were defined as proximal lesions. All lesions were endoscopically removed, and those not amenable to endoscopic removal were biopsied. Subjects with incomplete colonoscopy were excluded from this study. Polyps were classified according to World Health Organization recommendations. 24 AN was defined as invasive carcinoma, adenoma greater than or equal to 10 mm in diameter, adenoma with villous structure, or high-grade dysplasia. Serrated lesion was defined as hyperplastic polyps or serrated adenoma.
Outcome measures. The primary outcome was the risk factors associated with the proximal lesions including AN and serrated lesion. Secondary outcomes were risk factors associated with the (i) overall AN and overall serrated and (ii) AN and serrated lesions in the distal colon.
Statistical analysis. The following potential risk factors were assessed: age 50 or older, male gender, FDR with CRC, ever smoking, alcohol consumption, existence of comorbidity, and medication use. Statistical Package for Social Sciences (SPSS version 21.0, IBM, Chicago, IL, USA) was used for data analysis. Odds ratio (OR) was calculated to measure the magnitude of risk factors with 95% confidence interval (CI). Variables were fitted one by one into a univariate logistic regression model; all variables with P-value less than or equal to 0.1 were further fitted into a multivariate logistic regression model. Then, factors with P-value less than or equal to 0.05 were considered as the risk factors. Subjects without colonic finding during colonoscopy were used as the reference group.
Results
Patient characteristics. A total of 6218 subjects had a complete colonoscopy and were included for analysis. Male subjects accounted for 46.8%, and the mean age ± standard deviation was 56.65 ± 6.15 years. During colonoscopy, 352 (5.7%) subjects had AN including 39 (0.6%) cancer and 313 (5.0%) advanced adenoma; 809 (13.0%) had serrated lesions, 3648 (58.7%) had no colonic finding, and 1409 (22.7%) had other colonic findings (Table 1) . Among 352 subjects with AN, 127 (36.1%) of them were proximally located, 204 (58.1%) were distally located, and 21 (5.9%) subjects had AN in both proximal and distal colons. Among 809 subjects with serrated lesions, 180 (22.2%) of them were found in the proximal colon, 574 (71.0%) were in the distal colon, and 55 (6.8%) subjects had serrated lesions in both proximal and distal colons. Table S1 showed the detailed baseline characteristics of included subjects by the colonic histology.
Risk factors of overall advanced neoplasms and serrated lesions. There were 352 (5.7%) and 809 (13.0%) subjects with AN and serrated lesions regardless of the anatomical location. They shared the following risk factors: age ≥ 50, male gender, overweight, and ever smoking. Whereas FDR with CRC (OR: 1.64; 95% CI: 1.23-2.18) and hypertension (OR: 1.62; 95% CI: 1.25-2.10) were only associated with AN (Table 2) . Some well-defined risk factors such as alcohol consumption and diabetes were found significant for overall advanced neoplasm in univariate analysis but insignificant in multivariate analysis after adjusting for other potential risk factors. The chemopreventive effect of aspirin for CRC has been well discussed; however, no significant association was found between aspirin use and lesion development in this study. (Table S2 ).
Discussion
Age 50 or older and male gender were risk factors of AN and serrated lesion regardless of the anatomical location. For lesions in the proximal colon, this study found that FDR with CRC and COPD, chronic obstructive pulmonary disease; FDR with CRC, first-degree relative with colorectal cancer; IHD, ischemic heart disease; NAD, no colonic finding during colonoscopy; NSAID, non-steroidal anti-inflammatory drug. CI, confidence interval; COPD, chronic obstructive pulmonary disease; FDR with CRC, first-degree relative with colorectal cancer; IHD, ischemic heart disease; NA, not applicable; NSAID, non-steroidal anti-inflammatory drug; OR, odds ratio. Subjects without colonic finding during colonoscopy were used as the reference group. † Body mass index equal to 25 or higher.
CI, confidence interval; COPD, chronic obstructive pulmonary disease; FDR with CRC, first-degree relative with colorectal cancer; IHD, ischemic heart disease; NA, not applicable; NSAID, non-steroidal anti-inflammatory drug; OR, odds ratio.
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hypertension would increase risk of AN; ever smoking increased risk of serrated lesion. For lesions in the distal colon, AN and serrated lesion shared common risk factors including age ≥ 50, male gender, ever smoking, and hypertension. AN also associated with alcohol consumption; serrated lesion associated with overweight. FDR with CRC was only associated with proximal AN but not with lesions in the distal colon nor any serrated lesion. Our data suggested that proximally located lesions are likely to be influenced by genetic factors including aging and family history of CRC, whereas distal lesions may be more affected by environmental influence such as smoking and alcohol consumption. An important strength of this study is that it is one of the largest study to assess the risk factor of CRC in Asian subjects whereby the risk of colorectal neoplasm is increasing. All subjects, including subjects in the control group, had a complete colonoscopy to define the at-risk population, which reduced the likelihood of misclassification and was capable of revealing the true risk factor. Although many potential risk factors for colorectal neoplasia have been investigated previously, few studies have evaluated risk factors for advanced colorectal neoplasia and compared risk factors between individuals with AN, serrated lesions, and normal colonoscopy. Our study provided an opportunity to determine risk factors for patients with serrated lesions compared with those with no colonic finding and those with advanced lesions. Furthermore, this study was sufficiently powered to examine a broad range of potentially confounding risk variables; the suspected risk factors studied were selected based on associations found in prior studies and biological plausibility.
Age ≥ 50 had greater influence on overall AN (OR: 8.01) than overall serrated lesion (OR: 2.63). Consistent with the literature, our data showed that increasing age was a risk factor for all colonic neoplasms regardless of the pathology and anatomical site. We found that age ≥ 50 increased the risk of AN and serrated lesions by 13-fold and fivefold in the proximal colon and by sixfold and twofold in the distal colon. The aging effect was more significant in the proximal colon.
A family history of CRC is a well-known risk factor for CRC. 28, 29 In this study, FDR with CRC was found to associate with overall AN (OR: 1.64) but not overall serrated lesion. With respect to the anatomical location, having an FDR with CRC increased the risk of AN in the proximal colon by twofold but no significant association with the AN in the distal colon. Existing studies had contradictive findings on the association of lesion location and family history of CRC. 20, 23, [29] [30] [31] [32] The Nurses' Health Study and the Health Professionals Follow-up Study followed 119 116 subjects and found that a family history of CRC was associated with risk of colon cancer incidence but not of rectal cancer. 29 An update has been conducted for the Nurses' Health Study after 30 years of follow up and confirmed that FDR with CRC increased risk of colon cancer only. 31 The association between proximal CRC and family history of CRC has also been reported in Asian studies. A Korean cohort showed that family history of cancer was associated with the proximal CRC in men, 23 and a Taiwan study found that patients with a greater number of affected family members had a significantly higher proportion of proximal tumors. 32 On the contrary, a meta-analysis has estimated the relative risk of CRC for people with family history of CRC was 2.24 and reported no significant difference between the colon and rectum cancer. 30 A systematic review found four papers discussing the association of CRC location and family history; two of them suggested the majority of CRC were distally located in people with a family history; the other two found similar distribution on both sides of the colorectum. 20 Environmental factors appeared to be associated with risk of distal lesions. For instance, we found that smoking and alcohol consumption increased risk of distal colorectal AN. These findings are consistent with results of earlier works. 25, 33, 34 Risk factors for serrated lesions have been inconsistent. 22, 24, 25, [35] [36] [37] As have been reported in the literature, we found smoking as a risk factor for both proximal and distal serrated lesions. 24 The influence of gender on the risk of serrated lesions have produced conflicting findings; although several studies have reported that proximal lesions, especially serrated lesions, are associated with female gender, 22, 35, 36 others showed that gender had no influence on the risk of proximal serrated lesions. 25, 37 Our study found that male gender was at increased risk of developing AN and serrated lesion in both proximal and distal colons.
There are some limitations of our study. First, this is a crosssectional study. Some of the purported risk factors may not be associated with prevalent AN but could be risk factors for subsequent incident lesions. Therefore, follow-up of this cohort is necessary. Second, our cohort included both symptomatic and asymptomatic subjects with a wide age range and might not be representative of the average risk screening population. Third, some results may be subjected to recall bias. Fourth, there may be misclassification of serrated adenomas as hyperplastic polyps because this classification has only been appreciated in recent years. Fifth, physical activity and dietary and supplement intake have been frequently associated with the risk of colorectal neoplasms, but this information was not available in our cohort. 38, 39 Although genetic risk factor has been well discussed, 40, 41 this study focused on factors in terms of personal characteristics and medical history; genetic testing was not available in our study. Hence, the presence of germline mutation or hereditary nonpolyposis colorectal cancer was uncertain. Among 39 subjects diagnosed with CRC, only eight (20.5%) subjects have self-reported that they did not have hereditary non-polyposis colorectal cancer. Lastly, aspirin and NSAID use had been reported to have a protective effect against CRC and AN, 42, 43 while a history of diabetes was a risk factor of CRC. 44 Because of insufficient aspirin user, NSAID user, and diabetes cases, the current study found no association between colonic lesions and these variables.
In conclusion, age 50 or older and male gender were associated with AN and serrated lesion development regardless of the anatomic location. Besides, FDR with CRC and hypertension would increase the risk of proximally located AN, and ever smoking would increase risk of proximally located serrated lesion. FDR with CRC was not associated with distal AN nor any serrated lesion.
44 Den L, Gui Z, Zhao L, Wang J, Shen L. Diabetes mellitus and the incidence of colorectal cancer: an updated systematic review and metaanalysis. Dig. Dis. Sci. 2012; 57: 1576-85.
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